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Abstract: We compared music emotion ratings and their physiological correlates when the partic-
ipants listened to music at home and in the laboratory. We hypothesized that music emotions are
stronger in a familiar environment, that is, at home. Participants listened to their self-selected favorite
and neutral music excerpts at home and in the laboratory for 10 min in each environment. They
completed the questionnaires about their emotional states and gave saliva samples for the analyses
of the stress hormone cortisol. We found that in the context of music listening, the participants’
emotion ratings differed between home and the laboratory. Furthermore, the cortisol levels were
generally lower at home than in the laboratory and decreased after music listening at home and
in the laboratory. However, the modulatory effects of music listening on cortisol levels did not
differ between the home and the laboratory. Our exploratory multimethodological data offer novel
insight about the psychological and physiological consequences of music listening. These data reveal
the sensitivity of the current research methods to investigate human emotions in various contexts
without excluding the use of laboratory environment in investigating them.
Keywords: music; emotion; emotion regulation; stress reduction; cortisol
1. Introduction
Thanks to mobile technology, we have access to music listening everyday everywhere
24/7. Despite the rapid increase of the use of these online streaming services during the
past decade, music recordings still have huge market; e.g., an estimation for the global
trade revenue of recorded music in 2019 was US$20.2 billion [1]. In addition, concerts and
other live music events such as opera and musicals attract large audiences to enjoy national
and international performances. Obviously, we are deeply attracted by music, but why?
One motivation for music listening in our daily life might result from the power music
has in modulating our mental state in terms of emotions and vigilance. Consequently, in
music psychology, music listening has been conceptualized and empirically investigated in
at least three frameworks, namely, music emotions, mood regulation, and stress reduction.
These frameworks will be briefly illustrated below (for a broader review, see [2,3]).
First, music emotion literature is focused on investigating which emotions can be
associated with a given music excerpt by its listeners. Questionnaire measures used while
music listening and also retrospectively showed that music listening is linked to basic
emotions (e.g., joy), specific feelings (nostalgia), changes in the vigilance level (“soothing”),
as well as ratings in terms of valence (“felt good”) [4,5]. In many physiological and brain
mapping studies, the ultimate pleasure caused by music has been operationalized by the
occurrence of chills which are experienced by some individuals while listening to their
favorite excerpts [6–9].
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Second, in the mood regulation literature, questionnaire and interview data showed
that people use music to modify their emotional state intuitively and without specific
instruction, e.g., to soothe, to comfort, or to cheer up—all of this along the life span from
adolescence until late adulthood [10–13].
Third, and most importantly in the current context, in music medicine, by using
questionnaires and physiological measures such as cortisol analyses, music listening has
resulted in a noticeable stress reduction as indicated by psychological self-reports and
concomitant biological stress measures [14]. In this context, there is also some evidence
that, particularly, favorite music might help to reduce pain and anxiousness more than
any other music [15]. However, musical preference might not be the same in all listening
situations, especially when attended external stressors are included [16]. Moreover, the
emotional effects of music listening are also largely dependent on the types of music as
well as experimental settings (see e.g., [17–21]). Thus, in our view point, studies on the
emotional effects of music listening taking into account the music preferences and different
listening situations are in the need to be promoted further.
Traditionally, listening and physiological studies have been conducted in the labora-
tory environment. However, one might ask whether emotional reactions of listeners are
comparable in a neutral unfamiliar environment and in an environment in which listening
usually takes place. Recently Azhari and others showed higher metabolic brain activity
in the prefrontal cortex (involved in processing of contextual information) if emotional
infant and adult vocalizations were played in outdoor than in domestic contexts [22]. This
finding corroborates and extends their findings indicating that physiological signals to
such emotional cues are also stronger in outdoor than in domestic environments [23].
Regarding music listening, the first pioneering empirical endeavors to obtain information
about listeners’ emotional responses and to record an electroencephalogram (EEG) in a concert
setting were accomplished by Dolan and others [24]. They found that the complexity of the
EEG signal, reflecting alertness, was higher when the music excerpts included improvisational
elements than when they were played as denoted by the musical score. Ratings of the music
performance reflected a preference for improvised performance. These studies also had an
intent to investigate music induced emotions in an ecologically valid manner, yet, without an
attempt to compare the music emotions in different listening environments.
Consequently, from methodological perspective, it is currently challenging to get a
unified perspective about the affordances of music in modulating our physiological and
psychological state. While questionnaire and interview studies are conducted in laboratory
settings as well as in regular listening environments, physiological studies including those
with hormonal analyses have been conducted mainly in the laboratory (see, however the
recent report about an ambulatory, home-performed, cortisol study by Wuttke-Linnemann
and others [25]). Thus, one might speculate about the differential effects the listening
environment has on the results obtained—it might be that the modulatory effects of music
on its listener are stronger in a familiar environment, that is, at home, when compared with
the laboratory [26].
Here, our primary interest was to investigate whether music listening modulates
music emotion ratings differentially in two different listening environments, namely, at
home vs. in the laboratory. In addition to this questionnaire-based part of the study, we
also compared the extent to which favorite vs. neutral music listening modifies the salivary
cortisol levels of the listeners at home and in the laboratory. To this end, our specific
instruction for participants was that one of the music excerpts should be their favorite
music, expected to evoke more positive emotions than the other music excerpt, instructed
to be neutral and not to evoke any specific emotions.
2. Materials and Methods
2.1. Participants
Participants were adult healthy volunteers who all had some experience in music
making (e.g., as part of their hobbies or as part of their elementary school curriculum)
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but were not currently actively practicing or performing music. They were recruited by
using e-mail lists of local universities and other academic organizations as well as by direct
contacts by the research assistants SG and HM. They were selected on the basis of their
availability and interest on participation, the participants thus forming a convenience
sample. In total, there were 37 participants who were 20–40 years of age (mean 26.4 years,
SD 4.4 years; 19 male).
Before the commencement of the project, the study protocol was reviewed and ap-
proved by the ethics committee of the former Faculty of Behavioural Sciences, University
of Helsinki (01/2011). Informed written consent was obtained from all participants and all
research was performed in accordance with relevant guidelines.
2.2. Experimental Procedure
Before coming to the laboratory, the participants were provided with four saliva
sample tubes (Salivette) together with the instructions of giving the samples the night before
(one sample) and in the morning (3 samples) of the laboratory visit. These samples were
used for the pilot analyses of other hormonal values, not reported here. The participants
also received the questionnaires for background information and the daily use of music.
They were asked to bring both questionnaires and the tubes to the laboratory. Additionally,
they were asked to bring two excerpts of music to the laboratory by using a CD or as wav
files; one of these excerpts representing their favorite music and the other one as neutral
as possible.
The laboratory investigation was always conducted between noon and 4 pm. The
duration of the whole experiment was 105 min on average.
First the questionnaires (see below) and sound files were collected. If the files were in
mp3 format, they were converted to wav by using Adobe Audition 2 (Adobe Inc, San José,
CA, USA). The intensity of the audio output was manually calibrated to be approximately
60 dB. Audiometry was conducted using Oscilla SM950 (Natus Medical Denmark APS,
Taastrup, Denmark) (15 participants) and Oscilla USB350SP (23 participants). In all these
participants, their hearing was normal (<25 dB, 125 Hz–8 kHz). For two participants
the audiometry was not conducted due to unavailability of the device. However, these
participants reported their hearing to be normal.
Electrocardiogram (ECG; e.g., see [27]) and electrodermal activity (EDA) were mea-
sured using BioSemi ActiveTwo system; these data will be reported in a separate paper.
After ECG and EDA electrodes were attached, music excerpts copied to the PC, and
background questionnaires collected, the participant was seated (reclined position in an
armchair) in an acoustically and electronically shielded chamber. S/he was instructed to
have a rest of 10 min and to glance the magazines available. Baseline data for ECD and
EDA were recorded for 5 min.
After this 10-min rest, the participant gave baseline saliva samples that were kept in
dry ice and was asked to fill a questionnaire about the current emotional state. Note that
they spent at least 20 min at the laboratory before the first saliva collection thus minimizing
the effects of physical activity on their cortisol levels. They were also instructed to not eat,
drink, or smoke during one hour before entering the laboratory in order to optimize the
saliva sample collection.
Music listening (favorite music; neutral music) were given in random order. Both
excerpts were played on repeat for 10 min on a headphone (Sony MDR-7506).
After the listening of the first excerpt, the participant was asked to fill a questionnaire
about the current emotional state. Baseline data were recorded again for 5 min. After this
20-min rest, the participant gave the saliva sample.
Similarly resting data were recorded after the second excerpt (ECG and EDA data
acquisition 5 min, total rest duration 20 min). After that, they were requested to fill in the
questionnaire about their emotional state and to give the last saliva sample.
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After the laboratory experiment was completed, instructions were given for the next
identical saliva sample collection to be performed at home before and after music listening
within 2–7 days. This part of the study was instructed to take place between noon and 4 pm.
As in the laboratory, also at home they were requested to first give the baseline saliva
sample, fill in the emotional state questionnaire, rest, and start listening to the first excerpt
(randomized to be either favorite or neutral) for 10 min. Music listening was instructed to
be uninterrupted and focused, however, everyday background sounds were not a problem.
After giving the saliva sample, they were asked to wait for 20 min, fill in the questionnaire
and start listening to the second excerpt for 10 min. After this, they were asked to fill in
the questionnaire again and to give the last saliva sample. These data were successfully
collected from 28 out of 37 participants.
In the questionnaire on emotion ratings, the participants were asked to rate their
current emotional state along the following attributes along a scale from 1 (least) to 5 (most):
excited, peaceful, enthusiastic, happy, sad, melancholic, irritated, tired, satisfied, curious,
emotionally moved, and sentimental. These attributes were carefully selected from wider
sets of attributes used in other emotional state inventories. In the statistical analyses,
we grouped part of them to high-arousal (happy, excited, enthusiastic, irritated) and
low-arousal (sad, melancholic, peaceful, satisfied) emotion scores as well as to positive
valence (excited, peaceful, enthusiastic, and happy) and negative valence (sad, melancholic,
irritated, tired) scores.
2.3. Data Analyses
Saliva samples were delivered to the laboratory of the Finnish Institute of Occupational
Health (Helsinki, Finland) in a freezer bag filled with dry ice on a daily basis. Salivary
cortisol was analyzed there with chemiluminescence immunoassay (LIA, IBL Hamburg,
Germany) based on the competition principle. An unknown amount of antigen present
in the sample and fixed amount of enzyme labelled antigen compete for the binding
sites of the antibodies coated onto the wells. Measuring range of the method was 0.43 to
110 nmol/L. The coefficient of variation % of intra- and inter-assay of the method was
5 and 8%, respectively.
Normality of the cortisol sample distributions was tested with the Kolmogorov-
Smirnov test. As several of the variables were not normally distributed, a logarithmic
transformation was made all variables used in the analysis. After that, the distributions
were found to be normal. To determine the putative effect of the order of listening to
favorite vs. neutral music, we first conducted 2 (favorite, neutral) × 2 (order 1st, 2nd)
ANOVA for the cortisol values. It indicated no interaction between the order and type of
the music in the laboratory (F(1,35) = 0.026, p = 0.873) or at home (F(1,27) = 0.042, p = 0.838).
Therefore, we report the statistical analyses which have been performed for the data after
pooling the cortisol data across the listening order.
Normality of the emotion ranking scores was tested with the Kolmogorov-Smirnov
test. As several of them were not normally distributed, we used non-parametric Wilcoxon
signed-rank tests separately for high- and low-arousal emotion scores as well as for positive-
and negative-valence emotions scores. These analyses were separately conducted for
baseline ratings (before listening) and after listening to the favorite and neutral music
excerpts between the listening at home and in the laboratory.
3. Results
3.1. Effects of Music Listening on Emotion Ratings
The mean values of emotion scores differed statistically significantly between different
listening environments particularly at the baseline stage when low arousal and positive
valence emotion scores were higher in the laboratory than at home and negative valence
emotion scores were lower in the laboratory than at home (Table 1). Additionally the high-
arousal emotion score significantly differed between laboratory and home after listening to
neutral music, the score being higher at home than in the laboratory. Marginally different
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emotion scores in different listening environments were obtained for positive- and negative-
valence scores after listening to the favorite music: positive valence scores were marginally
higher in the laboratory than at home and negative valence emotion scores were marginally
lower in the laboratory than at home.
Table 1. Results of Wilcoxon signed-rank test comparing emotion ratings at home and in the laboratory. Significant results






Baseline 2.25 2.25 0 −0.776 0.438
Favorite 2.5 2.375 0.25 −1.494 0.135
Neutral 2 2.25 −0.25 −2.138 0.033
Low arousal
Baseline 2.5 2.25 0.25 −2.989 0.003
Favorite 2.75 2.5 0.25 −1.362 0.173
Neutral 2.25 2.25 0.25 −1.55 0.121
Positive valence
Baseline 3 2.5 0.375 −3.013 0.003
Favorite 3.25 3 0.25 −1.712 0.087
Neutral 2.75 2.5 0.125 −1.348 0.178
Negative
valence
Baseline 1.5 1.75 −0.125 −2.856 0.004
Favorite 1.5 1.75 0 −1.881 0.06
Neutral 1.75 1.75 0 −1.233 0.217
3.2. Effects of Music Listening on Cortisol Levels
As depicted in Figure 1, music listening reduced the cortisol levels significantly. This
was indicated by the main effect of condition in the cortisol levels when baseline and post-
listening values were compared (2-way repeated measures ANOVA with factors condition
(baseline, favorite music, neutral music) × listening environment (home, laboratory);
(F(2,56) = 24.535, p < 0.001, η2 = 0.467). In the post hoc tests, the cortisol levels after music
listening were significantly lower than at the baseline (p < 0.05 between baseline and neutral
music as well as between baseline and favorite music), however, without a significant
difference between the favorite and neutral music listening (p = 0.535).
The music listening environment also significantly modulated cortisol levels which were
lower at home than in the laboratory (main effect of the listening environment (F(1,28) = 5.190,
p < 0.05, η2 = 0.156). In post-hoc tests, this difference was observed at the baseline as well as
after listening to the neutral and favorite music (p < 0.05 in all comparisons).
Against our expectations, there was no interaction between listening environment and
music listening in the decrease of cortisol levels caused by music listening, implying that
the effect of music to reduce cortisol levels did not differ between home and the laboratory
(F(2,56) = 0.222, p = 0.802, η2 = 0.008).
Brain Sci. 2021, 11, 593 6 of 10Brain Sci. 20 1, 11, x FOR PEER REVIEW 6 of 10 
 
 
Figure 1. Cortisol levels as collected at home (red) and in the laboratory (blue) (mean and SEM). 
Cortisol levels were the highest before music listening (baseline) and were significantly decreased 
after neutral and favorite music listening. Cortisol level were lower at home than in the laboratory. 
There was no interaction between the listening environment and music listening. * p < 0.05, *** p < 
0.001, n.s. p > 0.05. 
The music listening environment also significantly modulated cortisol levels which 
were lower at home than in the laboratory (main effect of the listening environment 
(F(1,28) = 5.190, p < 0.05, η2 = 0.156). In post-hoc tests, this difference was observed at the 
baseline as well as after listening to the neutral and favorite music (p < 0.05 in all compar-
isons). 
Against our expectations, there was no interaction between listening environment 
and music listening in the decrease of cortisol levels caused by music listening, implying 
that the effect of music to reduce cortisol levels did not differ between home and the la-
boratory (F(2,56) = 0.222, p = 0.802, η2 = 0.008). 
4. Discussion 
Our aim was to investigate whether music listening modulates emotional state rat-
ings and cortisol levels differentially in two different listening environments. We expected 
that the effects of music listening on emotional ratings and on cortisol levels would be 
more profound at home than in the laboratory. However, our results show that while mu-
sic listening modulated the cortisol levels, there was no significant difference in this mod-
ulation as observed at home or in the laboratory. Furthermore, our results show that the 
baseline emotion ratings differed between home and the laboratory and that the emotion 
ratings after listening to the favorite music excerpts tended to differ between home and 
the laboratory. 
Thus, the preference for a given music might be considered an important factor for 
psychological and physiological concomitants of the emotional reactions in its listener. 
Supporting findings about stronger emotional reactions while listening to one’s favorite 
music were previously given in the musical chill paradigm by the work of Zatorre group. 
They showed that the occurrence of chills while listening to self-selected music was par-
alleled with elevated reactions of the autonomous nervous system and reward-related 
brain processes [8]. Since then, the key role of dopaminergic processes as the basis of pleas-
ure caused by music has been determined [9,28]. In parallel, Wilkins and others showed 
Figure 1. Cortisol levels as collected at home (red) and in the laboratory (blue) (mean and SEM).
Cortisol levels were the highest before music listening (baseline) and were significantly decreased after
neutral and favorite music listening. Cortisol level were lower at home than in the laboratory. There
was no interaction between the listening environment and music listening. * p < 0.05, *** p < 0.001,
n.s. p > 0.05.
4. Discussion
Our aim was to investigate whether music listening modulates emotional state ratings
and cortisol levels differentially in two different listening environments. We expected
that the effects of music listening on emotional ratings and on cortisol levels would be
more profound at hom than in the laboratory. However, ur results show that while
music listening modulated the cortisol levels, there was no significant difference in this
modulatio as observed at home or in the lab ratory. Furthermore, our results show
that the baseline emotion ratings differed between home and the laboratory and that the
emotion ratings after listening to the favorite music excerpts tended to differ between home
and the laboratory.
Thus, the preference for a given music might be considered an important factor for
psychological and physiological concomitants of the emotional reactions in its listener.
Supporting findings about stronger emotional reactions while listening to one’s favorite
music were previously given in th musical chill paradigm by the work of Zatorre group.
They showed that the occurrence of chills while listening to self-selected music was paral-
leled with elevated reactions of the autonomous nervous system and reward-related brain
processes [8]. Since then, the key role of dopaminergic processes as the basis of pleasure
caused by music has been determined [9,28]. In parallel, Wilkins and others showed that
the default mode network (especially precuneus) was more connected when listening
to preferred music than when listening to music with less emotional meaning [29]. The
health benefits of favorite music listening were originally shown by Särkämö and others
who repor d fast r emo ional and cognitive recovery in acute stroke patients who were
instructed to listen to their favorite music, when compared with audio book listening or a
passive control group [30] (for replication and upgrade, see [31]).
Notably, against our expectation, music emotions were not stronger in a familiar listen-
ing environment (home) than in a novel environment (laboratory). Although psychological
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and cortisol-indexed music emotions were modulated by music in both listening environ-
ments, they were not stronger at home than in the laboratory. Yet, the effect of the listening
environment was seen in the general cortisol levels which were lower at home than in the
laboratory. Our expectation was based on an assumption that emotionally safe and familiar
environment would support the emergence of stronger emotional responses [22,23,26].
However, the low arousal emotion ratings were always higher in the laboratory than at
home. This suggests that even if there was no general effect of the listening environment
in music emotional processes, there are other more distinct patterns of the modulation
of emotional processes in which the listening environment might be an important factor.
Admittedly, since the randomization between the order of listening environments was not
feasible, these notions are speculative and might also be contaminated by the fixed order
of the environment or other systematic differences between the research environments (see
“Limitation of the study” below).
In previous studies of the field, various biomarkers have been used in the context
of music listening as evidenced by a recent systematic review ([32]). It was reported that
13 out of 33 biomarkers tested in clinical or non-clinical contexts changed as a response
to listening to music. Cortisol was one of the most used biomarkers in these studies, with
about half of clinical studies demonstrating a stress-reducing effect of music listening in
the cortisol levels, e.g., in pain patients or before/during surgery. Here we observed effects
of music listening in physiological (cortisol) and psychological indices in a non-clinical
sample and context following only a brief 10-min listening. To our knowledge, this is the
first evidence of this kind obtained in a healthy population without induced stress by brief
empirical manipulation (for instance by the Trier social stress test, see [19,33]), and also
without chronic stress or other clinical conditions.
Limitations of the current study, specified below, are mainly caused by our intention to
minimize the burden to the study participants and by the compromises by the participants
themselves regarding the completion of the study. Thus, even if a study like ours takes
an important step toward ecological validity of the phenomenon under interest, that is,
music emotions, there are several issues to be considered as disadvantages of this novel
empirical approach.
First, despite the existence of valid questionnaires, we unfortunately have no informa-
tion about the participants’ self-reported stress level or their personality. In this context it
is noteworthy that even in the current study protocol, we were not able to obtain cortisol
samples related to music listening at home from 9 out of 37 participants. Having more
questionnaires might have decreased their participation even further. Second, although
the participants were instructed to conduct the home listening part of the study in the
afternoon, corresponding to the timing of the laboratory experiment, not all of them fol-
lowed this instruction. Third, one problem in cortisol studies is the relatively long time
period needed for probing optimally evoked changes in cortisol levels after music listening.
In further investigations, the time between the music listening (or any other emotional
manipulation) and cortisol measurement should optimally be longer than in the current
contribution in which it was 20 min. Fourth, we were not in a position for randomizing the
order of the measurements at home vs. in the laboratory. To ensure that the saliva collection
and music listening were properly conducted also at home environment by half of the
participants before the laboratory environment, we should have had the research assistants
to be present at home. However, for financial reasons this was not feasible in terms of
their working hours available. Besides this resource issue there is another, even more
important psychological issue, namely, the privacy of the participants. Having assistants
enter the homes of the participants would have created an additional factor disturbing the
listening. Admittedly, the lack of control upon the participants’ music listening, filling in
the questionnaires, and saliva sample collection at homes leaves space for speculations
upon the origins of the current findings which indicate that the low-arousal emotion ratings
were higher in the laboratory than at home while the opposite was true for high-arousal
emotion ratings (after listening to neutral music). On the other hand, in the laboratory we
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conducted ECG and EDA recordings that might have disturbed the listening atmosphere.
Furthermore, in the laboratory, research personnel was present, possibly causing some
inconvenience even if the listening took place in a recording chamber without any other
persons present. However, the baseline emotional ratings of the participants before any
music listening in the laboratory vs. at home suggest that the laboratory environment was
not experienced as particularly stressful: The high-arousal emotion ratings were lower in
the laboratory than at home. The low-arousal emotion ratings were higher in the laboratory
than at home. From this we might conclude that the laboratory (including the presence of
personnel) was not experienced more stressful than home and could recommend that in
future, home-based studies like the current one also have research personnel at home to
ensure the participants’ compliance during all stages of the research.
Thus, in general, as exemplified by our study limitations, conducting listening and
physiological experiments in two different environments is challenging. Various issues
regarding experimental design and practical procedures need to be considered. However,
in our view, it is feasible and necessary to upgrade previous laboratory-based investiga-
tions by investigations in other environments, also in the fields of music psychology and
neurosciences of music.
5. Conclusions
In the current contribution, we show that in the context of music listening, the par-
ticipants’ emotion ratings differed between home and the laboratory. Furthermore, their
cortisol levels were generally lower at home than in the laboratory and decreased after
music listening at home and in the laboratory. These findings promote the use of music
as a tool in professional music therapy, in music medicine, and as “self-medication”. In
parallel, they illuminate salivary cortisol as a sensitive index of emotional state even in
non-clinical populations and listening environments.
Author Contributions: M.T. and T.M. designed and conceptualized the study, interpreted the data,
as well as wrote the manuscript text. T.M. set up the laboratory environment, implemented the signal
processing pipeline, and visually inspected the quality of the physiological data. P.N. conducted
statistical testing and prepared the figures. All authors edited the manuscript and accepted the final
version. All authors have read and agreed to the published version of the manuscript.
Funding: The study was financially supported by the Academy of Finland (Finnish Center of
Excellence in Interdisciplinary Music Research).
Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the ethics committee of the former Faculty of Behavioural
Sciences, University of Helsinki (01/2011).
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The datasets collected during the current study are not publicly avail-
able due to the fact that the participants were not informed of the possibility that their data would be
openly available. In contrast, we promised to keep the data anonymous and out of access of others
than the researchers of this project.
Acknowledgments: We wish to thank Veerle Simoens for her ideas in planning the project, Henna
Markkanen and Sara Ghazanfari for data acquisition, Sirpa Hyttinen, Finnish Institute of Occupa-
tional Health, Helsinki, for cortisol analyses, Anna Ikonen, M.A. (Psych.) for preliminary statistical
analyses for cortisol data, Manahil Sibghat for clerical support, and Caitlin Dawson for conceptual
discussions based on an earlier draft of this paper.
Conflicts of Interest: The authors declare no competing interests.
References
1. IFPI Annual Report. 2020. Available online: https://www.ifpi.org/ifpi-issues-annual-global-music-report (accessed on
29 March 2021).
2. Chanda, M.L.; Levitin, D.J. The neurochemistry of music. Trends Cogn. Sci. 2013, 17, 179–193. [CrossRef]
Brain Sci. 2021, 11, 593 9 of 10
3. Koelsch, S. A coordinate-based meta-analysis of music-evoked emotions. Neuroimage 2020, 223, 117350. [CrossRef] [PubMed]
4. Carlson, E.; Saarikallio, S.; Toiviainen, P.; Bogert, B.; Kliuchko, M.; Brattico, E. Maladaptive and adaptive emotion regulation
through music: A behavioral and neuroimaging study of males and females. Front. Hum. Neurosci. 2015, 9, 466. [CrossRef]
5. Saarikallio, S.H.; Randall, W.M.; Baltazar, M. Music listening for supporting adolescents’ sense of agency in daily life. Front.
Psychol. 2020, 10, 2911. [CrossRef] [PubMed]
6. Scherer, K.R.; Zentner, M.R.; Schacht, A. Emotional states generated by music: An exploratory study of music experts. Music Sci.
2001, 5, 149–171. [CrossRef]
7. Eerola, T.; Vuoskoski, J.K. A comparison of the discrete and dimensional models of emotion in music. Psychol. Music 2011, 39,
18–49. [CrossRef]
8. Blood, A.J.; Zatorre, R.J. Intensely pleasurable responses to music correlate with activity in brain regions implicated in reward
and emotion. Proc. Natl. Acad. Sci. USA 2001, 98, 11818–11823. [CrossRef]
9. Salimpoor, V.; Benovoy, M.; Larcher, K.; Dagher, A.; Zatorre, R.T. Anatomically distinct dopamine release during anticipation and
experience of peak emotion to music. Nat. Neurosci. 2011, 14, 257–262. [CrossRef]
10. Laeng, B.; Eidet, L.M.; Sulutvedt, U.; Panksepp, J. Music chills: The eye pupil as a mirror to music’s soul. Conscious. Cogn. 2016,
44, 161–178. [CrossRef]
11. Chabin, T.; Gabriel, D.; Chansophonkul, T.; Michelant, L.; Joucla, C.; Haffen, E.; Moulin, T.; Comte, A.; Pazart, L. Cortical patterns
of pleasurable musical chills revealed by high-density EEG. Front. Neurosci. 2020, 14, 1114. [CrossRef] [PubMed]
12. Saarikallio, S.; Erkkilä, J. The role of music in adolescents’ mood regulation. Psychol. Music 2007, 35, 88–109. [CrossRef]
13. Saarikallio, S. Music as emotional self-regulation throughout adulthood. Psychol. Music 2011, 39, 307–327. [CrossRef]
14. Linnemann, A.; Ditzen, B.; Strahler, J.; Doerr, J.M.; Nater, U.M. Music listening as a means of stress reduction in daily life.
Psychoneuroendocrinology 2015, 60, 82–90. [CrossRef] [PubMed]
15. Akelma, F.K.; Altınsoy, S.; Arslan, M.T.; Ergin, J. Effect of favorite music on postoperative anxiety and pain. Anaesthesist 2020, 69,
198–204. [CrossRef]
16. Koelsch, S.; Jäncke, L. Music and the heart. Eur. Heart J. 2015, 36, 3043–3049. [CrossRef]
17. Juslin, P.; Barradas, G.; Eerola, T. From sound to significance: Exploring the mechanisms underlying emotional reactions to music.
Am. J. Psychol. 2015, 128, 281–304. [CrossRef]
18. Groarke, J.M.; Hogan, M.J. Listening to self-chosen music regulates induced negative affect for both younger and older adults.
PLoS ONE 2019, 14, e0218017. [CrossRef] [PubMed]
19. Groarke, J.M.; Groarke, A.; Hogan, M.J.; Costello, L.; Lynch, D. Does listening to music regulate negative affect in a stressful
situation? Examining the effects of self-selected and researcher-selected music using both silent and active controls. Appl. Psychol.
Health Well-Being 2020, 12, 288–311. [CrossRef]
20. Athanasopoulos, G.; Eerola, T.; Lahdelma, I.; Kaliakatsos-Papakostas, M. Harmonic organisation conveys both universal and
culture-specific cues for emotional expression in music. PLoS ONE 2021, 16, e0244964. [CrossRef] [PubMed]
21. Paszkiel, S.; Dobrakowski, P.; Łysiak, A. The impact of different sounds on stress level in the context of EEG, cardiac measures
and subjective stress level: A pilot study. Brain Sci. 2020, 10, 728. [CrossRef] [PubMed]
22. Azhari, A.; Rigo, P.; Bornstein, M.H.; Esposito, G. Where sounds occur matters: Context effects influence processing of salient
vocalisations. Brain Sci. 2020, 10, 429. [CrossRef]
23. Azhari, A.; Truzzi, A.; Rigo, P.; Bornstein, M.H.; Esposito, G. Putting salient vocalisations in context: Adults’ physiological arousal
to emotive cues in domestic and external environments. Physiol. Behav. 2018, 196, 25–32. [CrossRef] [PubMed]
24. Dolan, D.; Jensen, H.J.; Mediano, P.A.M.; Molina-Solana, M.; Rajpal, H.; Rosas, F.; Sloboda, J.A. The improvisational state of mind:
A multidisciplinary study of an improvisatory approach to classical music repertoire performance. Front. Psychol. 2018, 9, 1341.
[CrossRef] [PubMed]
25. Wuttke-Linnemann, A.; Nater, U.M.; Ehlert, U.; Ditzen, B. Sex-specific effects of music listening on couples’ stress in everyday life.
Sci. Rep. 2019, 9, 4880. [CrossRef] [PubMed]
26. Murphy, L.; Levy, D. Emotions at home. In International Encyclopedia of Housing and Home; Elsevier: Amsterdam, The Netherlands,
2012; pp. 75–79. [CrossRef]
27. Luft, C.D.B.; Bhattacharya, J. Aroused with heart: Modulation of heartbeat evoked potential by arousal induction and its
oscillatory correlates. Sci. Rep. 2015, 5, 15717. [CrossRef]
28. Ferreri, L.; Mas-Herrero, E.; Zatorre, R.J.; Ripollés, P.; Gomez-Andres, A.; Alicart, H.; Olivé, G.; Marco-Pallarés, J.; Antonijoan, R.M.;
Valle, M.; et al. Dopamine modulates the reward experiences elicited by music. Proc. Natl. Acad. Sci. USA 2019, 116, 3793–3798.
[CrossRef]
29. Wilkins, R.; Hodges, D.; Laurienti, P.; Steen, M.; Burdette, J. Network science and the effects of music preference on functional
brain connectivity: From Beethoven to Eminem. Sci. Rep. 2014, 4, 6130. [CrossRef]
30. Särkämö, T.; Tervaniemi, M.; Laitinen, S.; Forsblom, A.; Soinila, S.; Mikkonen, M.; Autti, T.; Silvennoinen, H.M.; Erkkilä, J.;
Laine, M.; et al. Music listening enhances cognitive recovery and mood after middle cerebral artery stroke. Brain 2008, 131,
866–876. [CrossRef]
31. Sihvonen, A.J.; Leo, V.; Ripollés, P.; Lehtovaara, T.; Ylönen, A.; Rajanaro, P.; Laitinen, S.; Forsblom, A.; Saunavaara, J.; Autti, T.;
et al. Vocal music enhances memory and language recovery after stroke: Pooled results from two RCTs. Ann. Clin. Transl. Neurol.
2020, 7, 2272–2287. [CrossRef]
Brain Sci. 2021, 11, 593 10 of 10
32. Finn, S.; Fancourt, D. The biological impact of listening to music in clinical and nonclinical settings: A systematic review. Prog.
Brain Res. 2018, 237, 173–200. [CrossRef]
33. Khalfa, S.; Bella, S.D.; Roy, M.; Peretz, I.; Lupien, S.J. Effects of relaxing music on salivary cortisol level after psychological stress.
Ann. N. Y. Acad. Sci. 2003, 999, 374–376. [CrossRef] [PubMed]
